until recently that research focused specifically on circadian rhythm or sleep architecture as integrally related to the disease of addiction itself. In the articles that follow, the first fruits of this research are reported. The results demonstrate that circadian cycles of gene expression influence, or are influenced by, drugs of abuse or their neurological pathways. Similarly, it is found that drugs of abuse modify neurosystems that directly affect the sleep architecture and, therefore, sleep itself. There are suggestions that the consequences impact not only on a patient's propensity for relapse, but also on which treatment to select such that a medication for drug abuse does not exacerbate the sleep disturbance.
The cyclicity of gene expression that makes up the biological clock and its role in the regulation of drug sensitivity, sensitization, and reward is discussed for the animal model in the article by McClung [2] ; entrainment of circadian rhythms by drugs of abuse is reported by Kosobud [3] . Not only do drugs of abuse shift this rhythm, but also sensitivity to drugs varies according to a diurnal cycle. These influences may well have consequences both in terms of development of addiction, but also in the effectiveness of treatment. While it has long been known that light is the classic zeitgeber (time-giver) that sets biological clocks, Kosobud describes studies in which several drugs of abuse, including opiates, nicotine, stimulants, and alcohol, also entrain a rhythm in rats independent of light [3] . It remains to be determined whether this entrainment in animals implies that there are also compensatory mechanisms which, in humans, might induce enhanced drug-seeking behaviors that contribute to addiction.
Psychostimulants directly affect sleep as pointed out in the article by McCann and Ricuarte and documented in the articles by Valladares and Irwin, and by Morgan and Malison [4, 5, 6] . McCann and Ricuarte raise the question of whether MDMA, a popular drug of abuse, affects circadian and sleep cycles by its neurotoxic effects on serotonin. Both preclinical and clinical studies are reviewed with the conclusion that MDMA undoubtedly plays a role, but the mechanism remains to be determined. The article by Trksak, Renshaw, and Lukas reports first attempts to assess drug effects at the molecular level using magnetic resonance spectroscopy (MRS), which measures cortical bioenergetics [7] . In particular, greater enhancements in nucleoside triphosphates were seen during recovery in both methadonemaintained and cocaine-dependent, sleep-deprived patients compared to controls, suggesting an adverse effect in these drug-dependent subjects on sleep homeostasis that may involve adenosine triphoshate levels.
Few other studies have directly assessed the effect of drugs of abuse on the neuromechanisms of sleep as has MRS imaging. Nevertheless, based on preclinical models and their own results in chronic cocaine users, Morgan and Malison hypothesize a mechanism involving the GABA system. They document deteriorating sleep and deficient behavioral performance following a 2.5-week abstinence while, at the same time, the subjects denied feeling that their quality of sleep and their performance ability had suffered. These contrasting findings suggested a cognitive disconnect that the authors called "occult insomnia." In addition, they noted that women (all of whom were tested in the luteal phase) did not have the same sleep deterioration following abstinence as men. Therefore, it was hypothesized that, in addition to the GABA system, natural hormones (e.g., progesterone) may also play a role. Most importantly, the analyses of modifications in the sleep architecture that led to hypotheses regarding the underlying neural mechanisms also led to hypotheses regarding pharmacological treatment for addiction. This is a clear example where knowledge of the neurobiology underlying sleep informs on the neurobiology underlying drug abuse thereby pointing to an effective means of treatment.
These studies that focus on circadian rhythms or sleep in the animal model or in the drug-dependent patient illustrate the importance of studying both areas simultaneously. Disordered sleep in dependent patients can inform on the neural effects of psychoactive drugs. Conversely, neural mechanisms underlying the effects of drugs can inform on neurobiology of sleep architecture and circadian neurophysiology. Most importantly for the National Institute on Drug Abuse, new research that considers sleep and circadian factors together in a study of addiction opens up a new interdisciplinary field of research. The research reported here is only the beginning. It highlights the fact that scientists who believe they are only doing research into biorhythms are really doing drug abuse research as well, but don't know it.
